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FOREWORD 

The Alaska Department of Fish and Game, Division of Commercial 
Fisheries has  decided to incorporate a l l  Bristol Bay red salmon smolt stud- 
ies  into one Informational Leaflet th is  year ,  rather than expend unnecessary 
time, money and effort publishing each  study a s  a unit.  Also, much repeti- 
tious material will be avoided. 

This leaflet  i s  presented a s  a data report rather than a methods and 
procedural document. For those wishing a detailed account of methods and 
procedures we  suggest  they review Inforinational Leaflets concernirlg smolt 
s tudies  , published prior t o  this work. 

Ir, an attempt to achieve brevity and continuity, most of the annual 
comparative data i s  presented in appendix form. Only those tables and 
figures pertinent t o  this  year ' s  studies will be found in the main content.  
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1 9 6 6  KVICHAK RIVER R E D  SALMON (Oncorhynchus -- - -- nerka) SMOLT STITDIES 

Steven Pennoyer and Donald M . Stevrart , Fishery Biologists 
Alaska Department of r i sh  and Game 

Division of Commercial Fisheries 
Research Section 

Anchora g e l  Alaska 

I .  INTRODUCTION 

The Kvichak River smolt index project i s  designed to  provide an  
index of the relative annual abundance of red salmon (OncorQnchus nerka) --- 
smolt leaving Lake Iliamna and migrating down the Kvichak River to the 
Bering Sea . T11i.s project was  initiated in 1 9 5 5 .  The index obtained has  
been used t o  predict adu.1-t red salmon returns t o  the Kvichak and to evaluate 
produc-Lion from various 1evel.s of escapement.  Data 011 a g e ,  length and 
weight of smolt has a l s o  been collected.  

Although much valuable informa-tion on red salmon population dynamics 
i.n the Kvichak has been collec-Led , the index project i s  not accurately a s s e s s -  
ing snlolt production in thi.s systern. This i s  evidenced by the variabj.1j.i~ in 
the accuracy of pred ic tbns  of returning run s i ze  based on these smolt indices 
and certain obvious defects in the index sampling-. 

One of the rriost obvious c?eieci.s in the  index sa~npl ing  i s  that  i t  i s  
based on the assumptioil that  an equal proportion of the snlolt population i s  
san~pled  annually.  Presently, a s ingle  fyke net  s a m p k s  approximately 0 . 0 1  
of the river 's  width in an  area with two chan*:els, an  uneven bottom profile, 
and a tremendous variation in water color, s i ze  of migration and s i z e  of f i sh  
from year  to  year .  Additionally, a t  the present s i t e  i ce  flows ofien interfere 
with the fishing of the net  for periods of up to  a week and commonly for a day 
a t  a time. 

The value of obtaining an accurate measure of the  snlolt outnligr a t '  1011 

in the Kvichak to both the prediction and an understanding of the cycle 
mechanics of this systein j.s apparent.  Accordingly, a program was  drawn 
up and approved for Federal funding under PL 88-309 to  obtain an estima-Le 
of the total  smolt outmigration in the Kvichak. Part of this  progranl consisted 
of the continuation of the index ne t  f ishing for comparative purposes,  a t  
l e a s t  during the early years of the project. 



11. CONTINUATION OF INDEX PROJECT 

A .  Methods and Proced-uses 

From May 18 to  June 16 ,  the  standard index fyke net  was fished in 
the Kvichak River in the  same location and manner a s  i t  has been s ince 
1955. Fishing was conducted on a sampling bas i s  from May 18 to  June 3 
s ince no smolt outmigration was evident.  During the period June 4 through 
June 1 6 ,  the net  was  fished twenty-four hours per day except when ice  
flow forced removal of the net from the river. 

B .  Results and Discussion 

1 . Ice Interference, Climatical and Hydrological Data 

Ice interference from the Lake Iliamna breakup was especial ly  severe 
in 1966. Not only were there rnany days when the ice  completely choked the 
river precluding any type of f ishing, but the main peak of the outmigratiori 
occurred during a period of heavy ice  flow. Figure 1 shows da tes  of recorded 
heavy ice  flow in the Kvichak and the peak dates  of outmigration for the years 
1956-1966. 1961, 1963, 1964 and 1966 experienced thewors t  flows coinci- 
dental  with the peak of the smolt outmigration. In the early years  of the  
project l i t t le  or no ice  interference was recorded. Figure 2 further i l lustrates 
the  ice  interference problem in 19 66 by showing the hours of f j  s hing time 
missed per day a t  the index s i t e  and further down river a t  the outrnigration 
s i t e .  

\ Table 1 gives the climatological and hydrological data collected in 
1966,. 

It has  becn shown in pas t  years that  substantial  outmigration did not 
commence when water temperatures were under 36' F .  However, 36O F .  
should not be construed a s  the  triggering mechanism, i .  e .  , the  temperature 
that  triggers outmigration. 

In 1966, water ternperatures reached 41° F .  in May,  but the out~nigra- 
tion did not conlmence until June 4 ,  when the water temperature readings 
were 38' F .  in the a .m .  and 34' F .  in the  p.  In. On June 5 ,  substant ia l  
numbers of f ish were observed, but the  two water temperature readings were 
only 35' and 33O F . Actually, a l l  through the outmigratj.on wafer temperatures 
hovered a t  or near 36' F. This reduction in water temperature (and the severe 
ice  conditions),  was  undoubtediy due to  the consistently nor-therly winds 
experienced in la te  Mi;y and early June, which held the Il.iamna ice  pack 
against  the wes t  shore of the lake and the outlet until i t  dissipa-ted--much 
of i t  running down the river. 
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Table 1. Climatological and Stream Observations - Kvichak River 1966 - May 16 - June 26 (cont.) 
Wind Air Temp. W a t e r  Temp. Water 

Sky Precip .-24 hr . Dir. Vel. OF 8 pm QP 9 am -. Gauge 
Drte 9 a m  8 pm 9 a m  8 p m  A m t .  9 am 8 pm nrax-min 9 am 8 pm 8 pm Rrrb id i  ty Rem rk s 
6/10 3 - 0.01 - 0.01 NW 8 . - - - 38 - - A Ice flow light 
I I 3 4 0.00 0.00 0.00 N 10 N?!J 13 60 38 40 32 - A Ice flow heavy 
12 2 3 0.00 0.00 0.00 NE 12 NE 10 66 42 36 34 - A Ice flow heavy 
13 4 3 0.00 0.00 0.00 NE 7 NE - 62 41 44 41 - A Ice flow heavy 
14 4 3 0.03 0.22 0.31 NE 5 NE - 60 42 36 34 - B Ice flow heavy 
15 3 3 0.00 0.00 0.03 NE 10 NE 10 50 37 36 40 - A Ice flow heavy 
16 2 4 0.00 0.01 0.01 NE 7 NE 3 52 75 42 44 - A Ice flow light 
17 4 3 0.11 0.02 0.13 NE 5 NE 13 62 42 43 45 - A Ice flow light 
18 4 3 0.06 0.05 0.11 N 5 5 452 42 45 46 - C 

I 19 2 1 0.02 0.00 0.02 SW12 SlJ5 72 46 49 50 - C 
w 20 1 1 0.00 0.00 0.00 S 12 N 5 74 40 50 50 - A 
I 2 1 1 4 0.00 0.08 0.08 N 3 N 2 72 50 52 50 - I A Rain 

2 2 4 1 0.01 0.00 0.01 0 N 3 72 43 50 50 - B 
23 3 2 0.02 0.00 0.02 SW 10 NE 7 68 36 50 50 - B Wind Gusting to 13 
24 1 2 0.00 0.00 0.00 N 6 N E 3  68 43 51 51 - B 
2 5 1 1 0.00 0.00 0.00 N 15 3 6 60 40 51 52 - A 
26 4 4 0.00 0.01 0.01 S 22 BE 8 65 51 51 50 - A 



Examination of weather and ice  data fronz pas-t years  indicates tliat 
in a l l  years  where hesv-y ice  conditions were encoun.tered, the commence- 
ment of the outmigra-Licn was either coincidental with or after the occurrence 
of heavy ice  in the river. In 1 9  G6, substantial  nunzbers of srnolt were 
observed on tvio occasions during the day and in the la te  evening, migrating 
out under extremely heavy i c e  flow. There i s  no reason .to suspect  that th i s  
did not 0ccu.r a t  night a l s o ,  but  visibil.ity prevented any observation of thj-s. 
In some years ,  the smolt outmigration has commenced a t  a considerable tirne 
after the ice  has passed downriver, but a t  110 tirne before. Thus, it appears 
that  smolt outmigration i s  linked to  breakup of the Iliamiza ic'e pack,  which 
i s  in tu:m, undoubtedly, linked to  lake temperature and ,  l e s s  directly,  to 
river temperature. 

Table 2 gives the index net catc l ies .  No snzolt were observed migra- 
ting prior to  J~iiie 4 .  At 1.500 June 3 ,  ice  stari-ed flowj.ng bank to bank and 
flowed c o i ; t i i > ~ o ~ s l y  until 0900 June 6 .  At 121.6 June 4, the index ne t  was 
again put in the. water and :;molt started entering i t  iml~ied~.ately . It was 
fished unti.1. 1527 when bank to  bank ice again forced i.t.s removal. During 
this three hours and eleven rni:r:utes .the highes-i: catclles of any aftel-noon 
period of the season  were recorded. There i s  some evidence that  few sinolt 
passed the j-ndex s i t e  on June 3 ,  or the  nlorizing of June 4 .  Ve ry  l i t t le  preda- 
tory bird activjty was observed during th i s  time and sino1.t did not appi.tar in 
numbers a-t Otter Tsland ~1nti.l 1800 June 4 .  Ice genera1l.y was observed to 
take s ix  to  seven hours t o  float  down froii-1 the index s i t e  to  Otter Jsl-and. 
Assuming that the smolt move dot~:instream with the  current or a hit fas te r ,  
a s ix  hour delay wou.ld pl3ce them a t  the index s i t e  around 1200, or just 
about the  sarile time the net  started fishing. Catch per unit of time for the 
121 6-1.527 period star-ted a t  about 160 f i sh  pel: minute and climbed to  a high 
of be-iter than 700 fish per minute a t  1400. Thereafter, i t  dropped rapidly 
and was  just starting to  r i se  again ai: 1.527 when the ice forced. renioval of 
the net  from the river. 

Schools of smolt were observec'l migrating ovt u.nder t h e  i ce  duri.ng 
the afternoon and evening of June 4 .  Observatioi~s were impossible dirrj.ng 
the l a t e  evening and index hours; however, the magnitude of the aitcrnoon's 
ca t ches ,  combined with the fact  ths t  i.ni.g~-~?tion usually increases  after dark,  
indicates that  .this was probably the peak o i  the ovtmigration. There i s  no 
way to estimate of w1zcz.t magni.tude th i s  peak might have been.  An estimate 
was made for the 1200--2200 'Lime period of 1.1 3 , 0  25 on the bas i s  of direc-Lly 
expanding the afternooii's catch per tiliie f ished.  On the bas i s  of the follow- 
ing day ' s  ca t ches ,  it i s  fel t  that the peak of t h e  run was  probab1.y not much 
greater than this  in rnagniti~de . 

Other periods of fishing were missed due to  ice  when smolt were 



TABLE 2. KVICHAK INDEX S I T E  D A I L Y  AND ACCUMULATIVE CATCHES OF RED SALMON SNOLT, 1966 

Daily A c c u m u l a t i v e  
D a t e  1200-2200 2200-2300 2300-2499 0000-0100 Index 0100- 1200 T o t a l  T o t c l  

0 0 0 
0 0 0 
NO F I S H I N G  DUE TO I C E  
11 1 t 11 I1  11 

18 1 I 18 I t  11 

0 28,157 7,033 
15 16 2 3 

15,776 10,295 4,814 
5,032 2,378 1,247 
8,662 15,274 8,039 

NO F I S H I N G  DUE TO I C E  
200 170 2 
NO FISWING DUE IY) I C E  
11 t l  11 I 1  11 



migrating. On June 5 ,  very small ca tches  were made in the early afternoon. 
Between 151 8 and 183 2 ,  af ter  i ce  had forced removal of the ne t ,  large 
schools of smolt were observed migrating under the i c e .  No estimate of 
their  numbers or of the migration la ter  in the  evening i s  possible .  The total 
estimated catch of 275,761, i s  simply a rough approximation, but i t  i s  fel t  
that  it i s  a t  l e a s t  in the general range of the  numbers of f ish  passing the  
index s i t e .  

3 .  Age, Length and Weight of Smolt 

Table 3 and Figure 3 give the length frequencies of smolt in the 
outmigration by age  c l a s s  weighted by the  daily index ca tches .  Length 
frequencies were determined by daily samplings and age  c l a s s  composition 
of the outmigration was determined by  relating sca le  samples to  length to  
arrive a t  the  dividing point between the two age  c l a s s e s .  Age I smolt were 
estimated to  comprise 91.5% of the  outmigration and average 94.5 mm in 
length. Age I1 smolt averaged 11 3 . 7  mm in length.  

Unfortunately, sampling of individual smolt to  es tabl ish a length- 
weight relationship was limited due to  the  short duration of the outmigration 
peak and the tremendous amount of ice  interference. The 38 individual 
lengths and weights collected for simplicity were analyzed l inearly.  A 
predicted weight was estimated for each  length represented in the outmigra- 
t ion and weighted by the f i sh  frequency for that  length t o  derive the average 
weights of Age I and Age I1 f i sh .  Age I and Age I1 smolt averaged 7.4 g .  
and 12 .6  g .  respectively.  

C . Analysis and Comparison with Past  Data 

Tables 1 through 6,  Appendix A ,  compare the 19 66 smolt outmigration 
index data with that  of past  years .  As would be  expected,  due t o  the  small 
number of f ish involved, both the Age I and Age I1 f ish were larger than the 
twelve-year average.  Their numbers, especial ly  of Age I1 f i sh ,  in the index 
ca tch  were considerably lower than the twelve-year average.  The Age I1 fish 
were the progeny of the  small  (338,7 60) 19 63 escapement.  This escapement 
produced only 64,377 Age I index smolt in 1965 and 24,818 Age I1 index smolt 
in 19 66, for a total index smolt per spawner value of .2 63 , well  below the 
eleven-year average.  The previous and following brood c l a s s e s  were quite 
small and therefore, there should have been very l i t t le intra-specific compe- 
tition act ing on the progeny of the 1963 escapement.  Even s o ,  relative 
production from th is  brood year  remained well below the eleven-year average.  
This i s  further support for the  thes i s  advanced in 1964 and 1965, that  small 
escapements in the Kvichak do not produce very wel l .  







In summary, the 1966 Kvichak smolt outmigration was quite small .  
This was  probably due to  the fact  that  the  two parent escapements contributing 
t o  i t  only totaled 1 ,295 ,880  spawners in a system that has been proven 
capable of supporting the progeny from 14,630,000 spswners in a single 
year.  The index catch tota l  is subject  to  a great deal  of error due to  ice  
interference. The total days of ice flow did not exceed that  experienced in 
three previous yea r s ,  but i t  came a t  a time when the run was thought t o  be 
peaking. Also, the main part of the  migration was of such short duration 
(estimated 65% in three days ) ,  that  ice  interference a t  this time was  espec-  
ial ly disruptive to the accurate measurement of relative smolt abundance.  
In sp i te  of t h i s ,  visual observations,  catches  a t  the research s i t e ,  the s i z e  
of the  parent escapements ,  and the  s i z e  of the smolt themselves indicate that  
the  estimated index catch of 275,761 is in the right range. 

111. TOTAL SMOLT OUTMIGRATION ESTIMATE 

A .  Methods and Procedures 

The search in 19 66 for a suitable outmigration s i t e  relatively free 
from i ce  in the shallow, swifter current a reas  of the Kvichak River above 
Otter Island proved unsuccessful.  Ice flow in this area  was  disruptive of 
f ishing to  a degree that  would preclude any accurate estimate of total out- 
migration. The ice  flow in 1966 was especial ly  severe  in that  it filled the 
river for days a t  a t ime, and it came a t  the peak of the smolt outmigration. 
In most years  i ce  flow a t  the  lower end of Kaskanak Flats is probably minimal, 
but examination of Figure 1 indicates that  in a t  l e a s t  three other years ,  1961, 
19 63, and 19 64, i c e  flow was  probably severe  enough t o  adversely affect 
fishing in this  a rea .  

Discussions a re  underway with engineers and other sc ien t i s t s  on 
possible  ways to  circumvent the  ice flow. Ice dams,  underwater photography 
and even submergible traps have been or a re  being discussed;  however, at 
present ,  there does not appear to  be  any way to obtain an outmigration es t i -  
mate unless the ice  can b e  avoided altogether.  Investigations this  spring 
showed that  the  i ce  did not diss ipate  above Woody Is land,  some 15 miles 
below Otter Is land.  

The river a t  Woody Island i s  broad, t idal  and shallow with many sand 
bars and a large s ide slough. Any form of sampling here would be extremely 
difficult.  However, directly below this area the river constricts into a can- 
yon approximately 3-5 miles in length.  The canyon above a point known a s  
Big Rock i s  fairly uniform in width and depth and the river banks are  nearly 
parallel with only a sl ight curve in the channel.  This area was  surveyed in 
June and again in August to  determine what measures would b e  necessary to  
obtain an  outmigration estimate a t  th is  point. 

In both June and August, t ransects  of the river in the  canyon were run 



t o  obtain depth da ta .  The river bottom was  found to be fairly uniform in 
character with no extensive shoal a r eas .  Table 4 presents depth and cur- 
rent velocity data obtained on June 7, a t  a point in the center of the proposed 
fishing a rea .  These measurements were taken a t  low water.  It i s  probable 
that  the  dzpth increases  by a s  much a s  s ix  feet  a t  high t ide .  A s  can b e  s e e n ,  
t h s  velocity i f  fairly uniform across  the channel.  A t  a velocity station s e t  up 
in midstream near Big Rock on June 7 and 8 ,  a mean velocity of 2.84 feet  per 
second and a depth of 21 fee t  were recorded a t  low water.  A t  high water a 
depth of 27 feet  and an  upstream current of 1.80 f ee t  per second were recorded. 
Neither a current reversal nor a large t idal  fluctuation was observed in August, 
but th i s  was probably due to the high water level of the river. Water in the  
canyon was  fairly turbid in both June and August with visibility t o  only 2-3 
f ee t .  Flow measurements a t  Otter Island on May 31 , and June 2 ,  indicated 
a total flow in the Kvichak of 11,900 c . f . s .  Surveys in August showed only 
s ix  small streams between Otter Island and Big Rock Canyon with an accumu- 
lative flow of l e s s  than 300 c . f . s .  During the smolt migration, the total 
river flow through the canyon probably does  not exceed 15,000 c . f .  s . 

B.  D i s c u s s i .  

Sampling of this canyon area to  obtain an outmigration estimate pre- 
sen ts  some unique problems. Low current veloci t ies ,  t idal  reversal  of current 
and depth of the river are the primary diff icul t ies .  Conventional, stationary 
sampling gear would be use l e s s .  A review of the problems involved, gear 
required, and data needed i s  being undertaken to determine the feasibil i ty 
of obtaining an outmigration estimate under these  conditions. Under Phase I 
of the project, a literature review i s  being made of gear and sampling designs 
used for enumerating downstream migrants in similar circumstances elsewhere.  
Scient is ts  involved in this  work a re  being personally contacted and engineers 
and biometricians are being consulted . 



TABLE 4 

Distance From 
L e f t  Bank (ft.) 

14 0 

160 

220 

270 

340 

380 

440 

Average 

RIVER FEASUREliEN'IS TAKEN AT A POINT 
ONE FIILE ABOVE B I G  ROCK, KVLCHAK RIVER 

June 7, 1966 

Depr h 

10.7 

19.0 

20.3 

20.5 

20.5 

21.0 

21.0 

21.0  

12.9 

Right Bank 

18.5 

Mean Ve loc i t y  
(Feet  pe r  Second) 



ABUNDANCE, SIZE AND AGE OF RED SALMON SMOLTS 
FROM THE WOOD RIVER LAKES SYSTEM, 19 66 

Donald L .  Siedelman, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Dillingham, Alaska 

I. INTRODUCTION 

The Wood River red salmon smolt program was conducted during the 
summer of 1966, for the sixteenth consecutive year a t  Mosquito Point, Lake 
Aleknagik. Catches  from a standard fyke ne t  were used to  determine abun- 
dance,  a g e  and s i z e  composition of red salmon smolt . 

The primary objective was to measure relative abundance of smolts 
migrating seaward from the Wood River Lakes by establishing a numerical 
index which i s  comparable from year  t o  year .  Other objectives were to  
study diurnal fluctuations and seasona l  timing of migrations, to  obtain a g e  
and s i z e  composition of the run and t o  evaluate t he  relationship of smolt 
production and adult  escapement leve ls .  

Fyke net operations were begun on June 6, the  day af ter  lake ice  
breakup and were terminated on July 14.  Fishing was  conducted every 
evening from 9 to  11 p . m . , during the season  except on July 11 , when 
operations were suspended due to high winds.  Five-hour fishing periods 
from 9 p.  m . to  2 a .m .  were conducted frequently throughout the season  to  
obtain information regarding efficiency of the 2-hour index and diurnal fluc- 
tuations of the migration pattern. 

Condition index and 24-hour sampling were discontinued during the 
1966 season .  Collection and computations of field data otherwise remained 
similar t o  methods employed during previous years  (Nelson, 19 6 6). 

The United States Geological Survey, (Water Resources Division) 
es tabl ished a n  automatic flow recorder during the fall  of 1965, on Wood 
River a t  the  outlet of Lake Aleknagik . Daily water discharge,  in c .  f .  s . 
were recorded a t  th i s  s i t e  throughout the  season .  Maximum flow recorded 
on June 15 was approximately 11,380 c . f .  s .  and a minimum flow of 6,900 
c . f .  s . was recorded on August 6 ,  19 66. River flow readings during 19 66 
correspond closely to  data gathered in previous years  by Alaska Department 
of Fish and Game field crews (Nelson, 1966).  The water level  for Lake 
Aleknagik peaked on June 1 8 ,  1966, a t  18 .0  inches ,  which was  l e s s  than the 



1964 and 1965 readings (Figure 1 ) .  

Field work in 19 66 was under the supervision of the writer. Mr. 
Michael L.  Nelson, Assistant Area Biologist, ass i s ted  the writer with the 
report a s  well a s  aging smolt s c a l e s .  Participants in the  program were Mr. 
Robert Lackey, who served a s  crew leader and messrs: Russell Archer, 
Harry Rodoni, Jerome Sexton, and Albert Byrne . 

A.  Results 

1. Index of Abundance 

Total catch of red salmon smolt during the index hours for the entire 
season  was  250,049 (Table 1 ) .  Using 1952 a s  the  base  year with the ass igned 
value of 100.00 index points,  the 19 66 season ' s  catch was equivalent t o  
147.1 index points (Table 1) . Relative magnitude of the smolt runs in the  
Wood River system from 1951 through 19 66 i s  shown in Figure 2 .  

Catches  during the index hours followed the usual pattern, with the 
lowest total catch being realized during the first  hour (28.19%) and increas- 
ing during the second hour (71 .81%) . The adjusted index which eliminates 
yearly fluctuations was 133.4 a s  shown in Table 1, Appendix B . Peak period 
of smolt outmigration was June 24-27, when 54.7 percent of the s eason ' s  
total  catch was caught.  The peak day of outmigration was on June 27 when 
72,3 69 smolt were taken or 28.9 percent of the s eason ' s  total  catch (Figure 
3 ) .  

Five-hour fishing periods were conducted for 27 days during the 39- 
day smolting season .  Total catch for the  5-hour fishing period was 480,520 
(Table 2) .  Percent of smolt caught during the 5-hour fishing period was com- 
parable t o  previous years ,  especial ly  195 8 (Table 1 , Appendix B) . The 
adjusted season ' s  total 5-hour smolt catch was 527,908 (Table 1 ,  Appendix 
B ) .  The equation for expressing adjusted 5-hour data i s  d i scussed  in Nelson, 
1965. 

Percentage of the  catch taken during the index period compared to  the 
5-hour sampling period i s  shown below for years in which data i s  available:  

Hourly percentages of red sa l~non  smolt catches  for the  above years  
are  given in Table 2 ,  Appendix B (Koo, 1959-60). 



May June  J u l y  : 
F i g u r e  1. Wood R i v e r  w a t e r  gauge r e a d i n g s ,  1964-66 .  (Water  level measured i n  

i n c h e s  and t e n t h s  of  i n c h e s  from a  f i x e d  bench mark on t h e  bank).  
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Table 1. Wood River Red Salmon S n o l t  Catch by Hour and Day, 1966 

Index Hour Ca tc_h Tota l  Index Catch I ~ d e x  Point?  / 
Date 2100-2200 2200-2300 Da i 1 y  . Curnula t i v e  Cumu l a  t ive 

June 6 1 3 3 3 4 34 0.02 , 0.02 
7 124 2 5 149 18 3 0.09 0.11 
8 8 36 3 37 1 554 0.22 0.33  
9 49 140 189 743 0.11 0.44 

10 1 4  964 978 1,721 0.58 1.02 

11 
12 
13  
14  
15 

16 
17 
18 
19 
20 

2 1 
22 
2 3 
24 

' 25 
1, 
\ ' 26 

2 7 
2 8 
2 9 
30 

J u l y  1 
2 
3 
4 
5 

6 
7 
8 
9 

10 
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Table 1. Wood River Red Salmon Smolt Catch by Hour and D2y, 1966 

(Continued) 

-- - - 

I 
Index Hour Catch ---..--.- Total  Index Catch Index Points  A /  

Date 2100-2200 2200-2300 Daily Cumulative Daily Cumulative 

J u l y  11 - - - - - - 247,653 - .. 145.66 
12 12 74 86 247,739 0.05 145.71 
13 340 1,025 1,365 249,104 0.80 146.51 
1 4  0 9 45 945 250,049 0.56 147.07 

TOTALS 70,483 179,566 250,049 250,049 147.07 21 147.07 21 

PERCENT 28.19 71.81 100.00 
- -  - 

1/ One index point  = 1,700.34 smolt - 
21 Unadjusted index - 



F i g u r e  2 .  R e l a t i v e  magni tude  o f  r e d  salmon s m o l t  o u t m i g r a t i o n s  
from the  Wood R i v e r  sys tem,  1951-66. 



F i g u r e  3 . .  Da i ly  c a t c h e s  of red  salmon smol t  i n  p e r c e n t  
of t o t a l  c a t c h  from t h e  SJood River  sys tem,  1966. 



Table 2. Wood River  Red Salmon Smolt  Ca tch  
I n  Index N e t  f o r  5-hour Pe r iod ,  1966 

Time Per iod  
Date 2100-2200 2200-2300 2300-0030 0000-01QO n100-0203 To ta l  Catch 

June 9-10 
12- 1 3  
15- 16 
17- 18 
18- 19 

28- 29 
29- 30 

J u l y  30-1 
1- 2 
4- 5 

TOTALS 61,547 166,056 135,392 64,522 53,003 480,520 

PERCENT 12.81 34.55 28.15 13.43 11.03 100.00 
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2 .  Age, Length and Weight of Smolt 

Size  composition was determined from length measurements of 5 , 5  16 
smolts contained in 53 one-pound samples .  Age determination was  based 
on readings of 730 sca l e s  contained in 3 7  daily s c a l e  samples (Table 3 ) .  
Combined weighted length frequencies for each period a re  shown in Figure 4 ,  
with the dividing l ine between Age I and Age I1 smolts ,  a s  determined from 
s c a l e  readings indicated by vertical d a s h e s .  These frequencies were cal-  
culated in percentages . The seasons  weighted length frequency distribution 
i s  shown in Figure 5 .  

The percentage,  length,  and weight of each  age  group were calculated 
for each  period and for the  entire season (Table 4) . Age I smolts comprised 
94 .3 .  Age I1 smolts comprised 5.7 of the run and averaged 10 1 .2 
mm in length and 7.5  grams in weight (Table 4) . 

Table 1 ,  Appendix B, summarizes comparative a g e ,  length and index 
catches  for the years 1951 through 1966. Age I smolt were the smal les t  
s ince  1957 (Table 1 , Appendix B) . Average length and weight of both smolt 
age  groups compared to  the  previous 5 yea r s ,  i s  shown in Table 3 ,  Appendix 
B .  

The annual incidence of smolts parasit ized by the ces tode ,  Triaenophorous 
c r a s sus ,  was  determined by external observations.  In 1966, 22.5 percent of 
the 5 / 5 1  6 smolt examined were infested with the parasite (Table 4 ,  Appendix B) . 

The 1966 smolt run originated from the adult  spawning escapements 
of 721,000 in 1963 and 1,076,000 in 1964 with the major portion of the out- 
migration (94.3%) being derived from the 19 64 escapement.  Table 5 ,  Appen- 
dix B, gives the relationship between parent escapement of red salmon to  the 
spadning grounds of the Wood River Lakes and relative numbers of smolts 
produced. 

B.  Discussion 

Using the 2-hour smolt index to  predict adult  red salmon return the 
following is presented: 

Year Predicted Return Actual Return- '1 (Return/Pred.)xlOO 

1/ Burgner, R .  L .  , 19 65 - 

2/ Pennoyer, S .  and Me1 Seibel ,  1966 - 



Table 3.  Wood River Red Salmon Smelt Sampling Data, 1966 

Period Date Smolfi Percent of Eo. of 1 1%. No. of Fish No. of Scales 
No. Catch seasonS s Total Samples Measured Eeasured Rcad 

June 6-10 

June  11-15 

June 16-20 

June 21-25 

June 26-30 

July 1-5 

July 6-14 

TOTAL 



P e r i o d  No. 1 ,  June  6- 10 

I Age I Ags - .-- I1 
t P e r c e n t  6 5 . 1  34.9 
I 
I Weight  3 .7  6 . 1  
I Length  7 4 . 2  100 .2  

P e r i o d  No. 2 ,  J u n e  11-15 

P e r i o d  No 4 ,  J u n c  21-25 

Age I Age 11 -- - 

Age T & e x  
10 *- 

, P e r c e n t  9 0 . 6  9 .4  
I Weight  3.9 6.7 

5 " 

U 

I 

1 P e r c e n t  9 4 . 9  5 . 1  
5 

C 
@J 
U 
$4 
aJ 
!& 

c: 
.r( 

(0 

: 10 
U 
C 
iL) 
d 

g 5 
k 
ki 

Length  i n  b i i l l i r c e t e r s  

P e r i o d  No. 3 ,  June 16-20 

-- 
1 

Age I Age 11 
I 

.. 

F i g u r e  4 .  Weighted l e n g t h  f r e S u e n c i e s  by ~ e r i o d  of r e d  salmon s ~ n o l t  
froni t h e  liood R i v e r  s y s t e l ~ l ,  1965.  ( V e r t i c a l  d a s h  L ines  
d i v i d e  Age I and Age 11). ( F r e - u e n c i e s  srroothed by  ~ , ? o v i n z  
a v e r a g e s  of  t h r e e s ) .  

- 28 - 



P e r i o d  No. 5 ,  J u n e  26-30 

Age I Age T I  

P e r c e n t  9 7 . 9  2 . 1  
I Weight  4 . 1  7 . 5  
8 
I Length  7 5 . 8  1 0 0 . 5  

-/------ 

P e r i o d  N o  6 ,  J u l y  1-5 

Age TI Age 1 -Lp 

I , P e r c e n t  8 2 . 6  17.4 

I P e r i o d  No. 7 ,  J u l y  6-14 

Age I Age 1: 

: P e r c e n t  97.4  2 . 6  
5 Weight  4.8 8 . 4  

Leng th  i n  M i l l i n i e t e r s  

F i g u r e  4. ( c o n t  .) --Weighted l e n g t h  f re : juencies  by  p e r i o d  
of r e d  sa lmon s n ~ o l t  f rom t h e  Wood R i v e r  
s y s t e m ,  1966.  



Leng th  i n  M i l l i m e t e r s  

F i g u r e  5 .  S e a s o n ' s  we igh ted  l e n g t h  f r e q u e n c y  o f  r e d  s a l ~ o n  srnol t  
f rom t h e  TJood R i v e r  s y s  tern, 1366 .  ( F r e q u e n c i e s  smoothed 
by moving a v e r a g e  of t h r e e s )  



Table 4. Age A / ,  Length 2 / ,  and Weight - 31 of Red Salmon 
Smelts by Period from t he  Wood River System, 1966 

Line Mean Length Mean Weight Percentage 
Period Dividing of  Age Group of Age Croup of  Age Group 

No. Date Age I & Age II P I I I I1 I I I 

1 June  6-10 88.5 74.2 100.2 3.7 6 .1  65.1 34.9 

2 June  11-15 90.5 75.5 100.9 3.9 6.7 90.6 9 . 4  

3 June  16-20 92.5 77.3 102.4 4 . 3  7.4 8 9 . 4  10.6 

a 4 June  21-25 93.5 77.2 99.9 4.4 7.3 94.9 5 . 1  

5 June 26-30 94.5 75.8 100.5 4.1 7.5 97.9 2.1 

7 J u l y  6-14 96.5 - 80.3 -- 102.5 -- 4.8 - 8.4  97.4 2.6 

Season ' s  Weighted To ta l  $1 77.1 101.2 4 . 3  7.5 94.3 5.7 

1/ Number w i n t e r s  i n  f r e s h  water. - 

2/ Length in nun. - 
3/ Weight in g r a m  - 

4 /  Weighted by index ca t ch  - 



The index of accuracy (calculated by dividing the actual  return by 
the predicted return x 100) helps demonstrate fluctuating tendencies of the 
2-hour smolt index data for predicting adult return. Index of accuracy during 
the pas t  5 years  has  ranged between 59.8 percent to 181 . 8  percent.  

Due to  many variables affecting the smolt outmigration--climatic 
conditions,  changes in relative numbers in the sub-population of smolts 
from the lake ,  differences between s i z e  and age  of smolt and differences 
in rate of growth in early summer--the DeparLment i s  seeking to find a 
method of smolt analysis  that  will effectively represent the ac tua l  outmigra- 
tion . 

It was determined from earlier studies (Burgner, 1S 62; Nelson, 196 6) 
that  86  t o  99 percent of the 24-hour smolt catch was made during the 5-hour 
period from 9 p.m. to 2 a .m . (Nelson, 1966). Changing from the 2-hour index 
sampling period to  the 5-hour period may bring the predicted return closer to  
t he  ac tua l  return and the 5-hour index may reduce the effects that  climatic 
factors tend t o  induce during the %-hour index. 

C .  Summary 

1. The Alaska Department of Fish and Game conducted the smolt enumera- 
tion and sampling program for the  sixth consecutive year  in 19 66. 

2. Breakup occurred on June 5 a t  Lake Aleknagik, which was 5 days la ter  
than the mean date  for breakup of lake i ce .  

3 .  Flow measurements for Wood River were taken daily from a permanent 
s i te  established by the United States  Geological Survey, (Water 
Resources Division). Comparable water level recordings were taken 
for the third consecutive year .  

4.  The fyke net  was fished during the previously established index hours 
of 9 t o  11 p.m. each  night from June 6 through July 14 .  In addition, 
frequent 5-hour counts were made to  es tabl ish a bas i s  for comparing 
the seasona l  variations outside the index hours. 

5 .  Five-hour fishing periods in 19 66 showed that  47.4 percent of the smolt 
passed the fyke net  s i t e  during the 2-hour index period. The peak of 
smolt outmigration was on June 27 when 28.9 percent of the s e a s o n ' s  
total  smolt were caught.  The total  catch of 250,049 smolt was equal 
t o  147.0 index points . 

6 .  Adjustments of the index, t o  compensate for some of the fluctuations 
in migration outside of index hour sampling that  occur from year  t o  
year ,  resulted in a n  adjusted index va lue  of 133 .4  for 1966. 



7. Size  composition was  determined from length measurements of 
5 ,516 smolts contained in 53 one-pound samples.  Age determina- 
tion was based on readings of 730 sca l e s  contained in 35 daily 
s c a l e  samples .  

8.  Age I smolts comprised 94.3 percent of the total run and averaged 
77.1 mm in length and 413 grams in weight. Age I1 smolts comprised 
5 . 7  percent of the run and averaged 101.2 mm in length and 7 .5  grams 
in weight.  

9 .  The parasit ic cestode Triaenophorous c r a s sus ,  was  found in 22.5 - 
percent of the 5 ,516  smolts examined. 

10 .  The 1966 smolt run originated from adult  spawning escapements of 
721,000 in 1963 and 1,076,000 in 1964. 



NAKNEK RIVER RED SALMON SMOLT STUDY, 19 66 

Angus D. Robertson, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
King Salmon, Alaska 

A sampling program for the enumeration of Naknek River red salmon 
(Onchorhynchus nerka) smolt outmigration was developed and operated by 
the U .  S . Fish and Wildlife Service during the years 1956 through 1 9  65. 
In 1966 this project was  transferred to  the  Alaska Department of Fish and 
Game and was operated by the Division of Commercial Fisheries under the 
direct and participating supervision of Herbert W.  Jaenicke , Fishery 
Research Biologist, U .  S . Fish and Wildlife Service. Supervision for the  
State was conducted by Angus D. Robertson, Fishery Biologist, Alaska 
Department of Fish and Game. 

The Naknek smolt study program design and methods followed in 1966 
were the same a s  those developed by the Fish and Wildlife Service and con- 
s i s ted  of (1) a randomized sampling la t in  square scheme employing 6 fyke 
net f ishing s i t e s  for the  derivation of a total outmigration estimate and; (2)  
employing a single fyke net  index scheme located on the most productive 
fishing s i t e  a t  the  randomized sampling location. Tbe index of abundance 
obtained i s  the bas i s  for expanding the random sampling estimate of total 
numbers of smolts for the daylight hours when the random sampling i s  not 
conducted. 

In 19 6 6 randomized sampling was conducted during the most productive 
hours, 21 00-0600, successively two days out of evely three day period from 
June 2 through July 13. The index sampling was  fished continuously for 24 
hours, 2100-2100, on the second day of each two-day random sampling period. 

Physical data viias collected for a i r  and water temperatures, wind 
direction and velocity,  river discharge and velocit ies a t  varying water l eve ls .  

All 1966 Naknek smolt study data was compiled and the total outmigra- 
tion estimate derived by Herbert Jaenicke. The following data tables  have 
been extracted and compiled from Mr. Jaenicke's  work. 

Jaenicke,  Herbert W .  , Naknek Smolt Study Report, 1956-1965, U .  S .  Fish 
and Wildlife Service,  unpublished. 
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J u n e  2 7 111 11.4 21.3 2 5 12 1 15.4 78.1. 

3 2 111 12.3 5.0 3 5 12 2 15.3 95.0 
5 - - - .. 20 127 17.2 100.0 
C 3 113 13.0 7.5 3 7 125 16.5 32.5 
8 2 112 11.1 5.0 3 5 121 14.9 95.0 
9 3 114 12.5 7.5 3 7 1.19 14.2 52.5 
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12 1 2 113 12.6 31.6 26 11 7 13.6 68.4 
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33 14 135 10.5 70.8 6 108 11.5 33.0 
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5' 2 :, -. ; 10-5 3.3 97.5 1 107 10.0 2.5 
7 10 102 8.9 90.9 I 103 9.4 9 . i  
8 3 2 I06 10.5 95.0 2 111 12.3 5.0 
10 33 197 10.6 31.7 3 1 11 11.3 8.3 
11 20 10; 10.7 90. S 2 107 10.5 9.1 
13 -- 7 - 7 10s 11.1 83.0 3 112 12.7 12.0 
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-7. 106 10.6 33.8:; 118 1L: .2 6G.2;'; 

* i,!eiol~tecl -- c3 L,y ra i~doni .ze i l  cctclies v i t h  ?:tly 31 2nd Jurle 30 srri:?l_es not 
inclucled ~s rn.ei;;h'ii.n;; rector n o t  cor:porablc.  
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& / ~ r o d u s t i o : l  f rom 1354 aud 1955 brood years  \rere o n l y  p2rtj.all.y sa~npled 
i n  1956 and  1957. 

- 2 / ~ Q e  I1 su?olt  t o  i d s re t c  i n  1567. 
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A P P E N D I X  A 



DATES OF SXPIPLZNG AKD PE4K PERIOCS OF RED SALPlON SIlOLT OUTMIGIATION 
KVICKAK RIVER, 1955-1966 

Number Rulnbsr Percent of 
Year -- Date -- --- of I)=?- - Date of Days ---- Total  C ~ t c h  

1955 5/28-6127 3 1 614-9 6 94% 

1956 5124-714 4 2 611-9, 14-16 12 88 

1964 \ 5/19-6122 3 5 614-1.2 9 84  
', 

1965 5/17-6114 2 8  5/24-30 6 9 1 

1966 5118-6/17 31 6/4-11 8 97 

Averages 3 8 10 8 8 



PERCENT OF RED Sf?,L>iON SNOLT O'JTPIIGE-ATlOiJ O C C U R R I N S  DUIIIP?G Ih73EX HGURS 
(2200-0 100) 

KYICE-L'iK R1V%R, 1955-1966 

Year 
Tota 1 24-Eour P e r c e n t  Outmigra t ion  
Outmigrab i o n  &/ Durino Index Rours (2200-0100) 

_I_&--"." - 

259,978 82.3% 

77,660 82.3 

30,907 8 2 . 3  

Averages 1 ,399,906 58.4?/ 

1/ The methods used t o  expand t h e  3-hour index c a t c h e s  t o  24-hour - 
c a t c h e s  f o r  t h e  y e a r s  1955,].956,1959, 1963 and 1961 a r e  expl?.incd i n  . 

t h e  1964 smol; r e p o r t .  

2 /  T h i s  f i g u r e  i s  n e a r l y  m e ~ n i n g l e s s  s i n c e  i c e  f low prec luded  any - 
e s t i m a t e  of co11:pnrat i v e  migration by p e r i o d .  

3/  Note t h a t  t h e  average 58.4"/; m i g r a t i o n  d u r i n g  t h e  i n d f x  hours  i s  - 
probab ly  h i g h  as t h e  p e r c e n t  f o r  t h r e e  o f  t h e  f o u r  y e a r s  showing 
82.3X 1:ss a s s u ~ c d  on t h e  b a s i s  t h a t  82.3% of t h e  s n n l t  i n  1957 
migra ted  d u r i n g  t h e  index  hours. Sempl j ng was not on a 26 -hour 
b a s i s  f o r  t h e  y e z r s  1955, 1956, 1959, 1360 and 1961. 



KVICW\\K R I V E 2  3-HOUR RED Sij?Jl*lON SPIPJLT CATCXES ; 1955 - 1966 

3-Hour Index  Catches 

Ycar crf Age I Age I1 Total T'otalL1 
Outrttigl a t  i o n  -Perc*?nt: h'umber Perc;en> Number 3-Hour Index 

Ttrel.ve-Year 
Averages 223 ,481  43 424,472 5 7 647,954 19.4 

11 One Index P o i n t  = 33,340 S m o l t  - 



TABLE 4 

KVT CHAK RIVER 24-HI35TR RED SAL?lON SIIG1,T CkLTCHES 
AVEPAGE LENGTIXS A ~ Q  wErcrm, 1.955- 1965 

Age I 
2/ -- 

Outmigration Kumber ?e rcen t  

1955 I F ,  198 7 

Average 
Lens t h 

89 mm 

32 mm 

96 mm 

84 rrm 

80 m 

91 mm 

92 mn 

82 m 

83 nm 

87 mm 

90 rrm 

94 mm 

Percent 

9 3 

5 1 

2 3 

2 

97 

90 

2s 

6 

9 7 

7 8 

97 

8 

Age PI 
Average 
Length 

109 mm 

116 mm 

120 rcm 

114 m 

99 mm 

108 mm 

117 mm 

110 m 

98 mm 

108 rnm 

109 nv 

114 mm 

Weight 

- 
- 

14.4 g 

- 
7.6 g 

lC.3 g 

13.1 g 

9.9 p, 

7.5 E 

9 .3  g 

11.3 g 

12.6 g 

1 / 
T o t a l  To"L.1 24- 
N.~mber Hour Index 

Twelve-Year 460,867 43 88 mm 5.9 g 939,039 57 110 m 10.7 g 1,399,306 42.0 
i iverzgcs 

I /  Cnc index po in t  = 33,340 Smolt - 
2 /  ?:u-tbers of I ar,d Age I1 f i s h  de r ived  from rounded o f f  season percentages  except i n  1963, '1964, 1965 and 1966 - 

when rounded p e r c e n t q e s  were der ived  Erom n ~ m b e r s  of smolts  ob ta ined  Sy weight ing l e n g t h  frequency distribution 
by d a i l y  cz t chcs .  

3 /  24-hour index c a t c h  e s t ima ted  by r a t i o s  w i t h  yea r s  of a c t u a l  24-hour f i s 5 i n g  and from v i s u a l  observat ions - 
of smoit mi s rn t ion  o u t s i d e  t h e  three-hour  index per iod .  

/ 24-hour inEex c a t c h  estimated from ratios w i t h  t h c  three-hoar  index per iod  c a t c h  obta ined  during only two days  - 
of z c t u a l  24-hour flehing. 



PARZNT XSCAPEXEkT A h ?  CCLW~ESRO~~~DING RED SALNON SNOLT 
PRODUSTIOX, I<VIC?dlK RIVXR, 3-952- 1964 

- 
Year of Escapement 24-Eovr Index SmcXt 2rsduced 24-Eour Index S m o l t  F e r  S p ~ w n e r  x ?03 

In Thou~ands Age 1 /',=c LI rn -0ta1 - - Age 1 Age IZ Tqt?? 



Year 

1 / Percent Age I1 -- 
S m 3  lt Produced 

I /  Based on 24-houi: i n d e x  catches. -- 

2/ E s t j ~ x t e d  on b a s i s  o f  2 - o c e a n  rercrns jn  1956 and 52 - 
f i s h  i n  1957 v s ,  S 3  f i s h  in 1357 and C3 f is11 i n -  1958. 



A P P E N D I X  B 



Yeclr of  Ane T. 2/  h ~ e  I f  2/ . c :  . ' - ;  ...... ..* -.-- -. Tvo-Rii~lr Five- 11.0ar 
S ea~ra x d f.I~an 3/  - blcnn -- 3 / 1ndc.x i'ni.ri.t:; S /  Inde:; R e t  Index  Net 

F L .  Pel-cent I Pcrcei-~ir T,ccr,ish Unnd G?s tctl v'-rst:cd Cailctl Catch 7 /  - -" - I-..- II--..^-.-.-._^--_I.---- ---. - ---*----- -.-- --.-- I ? C ~  -L-.------̂ l̂ -.---p-*---.. - 

1/ G?cigl:ted by i1:tdcx catch  - 
2/ Number 1 ~ 7 i n t . e ~ ~  i n  Ereshwa tcr - 
3/ Mean leirgth j-ia t ~ x ,  - 
4 /  Bass year  ass5.gncd value of 200.00 - 
5 /  One index po5,nt : 1,709.34 s5;01t - 
6/ Gearnet--' - L l r ,  rncan 
7 /  Five-hour  ixlclcs n e t  ca tch  ob t a incd  f r ~ i i ~  fol.lc.;.rlng proportions: - 

Tvo- hour  Xriclex Catch -- Seasonal. T o t a l  2-hour - 
i12 5-  hour Sz3::>! f P" 
-̂ PI_.. .-.-.-.,-. ̂. _ - _  ;;:. t::_-__ Icclcx Catch 

=--- .,-----. 
Five-  hour Ii~d:?x Catch i i ~  Silasona I Total. 5-h9v.r 
5-hour  Sr?;riplit?g Inc?c>; Ca ;:ch 

8/  Five-hour sarr!pl-i~?.g mi. a~a i~a1 .1 l . e  fsr C11c.s~ years  -- 



Table  2. Wood River Rcd Salnon Snzolt Catch in. I'crcent 
Fro:!? t h e  Index N e t  f o r  5-hour Period, 1955-1966 

Time Period 
.w--..--e-p-----..----*--..- -*..------- --- .- 

Year 
- 2100-2200 .----.."---- 2200-2300 .- ----,-.--.---p-p-,-------------- 2300-2400 0000-0100 0100-1 200 

1966 -- 12.8 28.2 13.4  3 f L  -___-------p*=---m- 
11.0 - --.--- 

Arithnlctic 
Mesn 19.3 26.1 22.2 17.1. 15.2 



Table 3. Average Length and Weight of Wood River 
Red Salmon §molts by Freshwater Agc Group, 1961-66 _1/ 

4 I C Y  ---=-m--_YII-^__l__ - 
Year of 
S eatra r d Ape 1 -- 1?̂-.-.--41 Age I1 - - <-."-- 

Mig-i:ation Length Weight Lerzgth lijici ght  

1966 
Mean 

Average 81.8 4.7 102.2 8.5 

1/ Weighted by i~aclcx u c t c a t c h  - 



Table [ I ,  Ferccntngc cf Wooit l?iver Red ScaPnaa Smolt 
Parasbc ized  by the Cestode, 'ik~'ik~t~J2,E-~A?~~ , c ~ ~ s s ~ ~ ,  1961-66 

------ -------.,, ------.---- A--- - 
Tota1IXw1be-s Mur3bersf ll2,nf;e o E Percent  Sc~o l t :  Raizgc 13ets~2en 

Year of Smolt 1 11). Samples 1 Lh. Sanplcs Parasitized Samples in Pcrccnt 
Exam?-med --.---- E:smml ncd S i z e  A l l  Sanlr>lcs P a r ~ s i  t i ~ e d  

-*--=---.------\--------------- 

1/ P ~ r r ~ s i  t i z c d  sm31t :  were not  counted daring Firs t  x.!cc!: of scawnrd rndgra ti on  -. 
when percent-age is highes t .  Conscqucntly, pcrccrlt p a r a s i t i z e c l  all sam2les 
is a lo;? e s t j - ~ ~ z t e .  



'X'cL'bbc 5 . \.?uo:l P.j.tpcr kc.4 $2 tn;c,n 
Escaperi~clats and S;;?~lt-,s Px-iadurcd, l 9 S l - 6 4  

- ____-_-_ ---_ -__-____- _----_- .-.--__.- - -"---%---- 

Index Vala.?s of Indcx Unj. t s  
Mood l::i.ver Sxlol. t:s Ps:t?duccd ---.-.-,-- - -.- --.-- -- Per 1,000 

Af:c ZI P1 Year Escaperr,:?;?t ~.c,@.al S P ~ X J ~ I C I : , . ~  ---.--. --..-,----- ....*:-..~*-....- A EL.??-LS. -_-, ._ l-ll_l-.--. "". --. .--*-.--- -"." -.-- -.r---.--...- ---- 

458,000 

227, GOO 

51G,000 

57 I., 003 

1,383,000 

773,000 

289,000 

950,OOi) 

2,209,002 

I., 016,000 

461,000 

874,000 

721,000 

1,076,000 

1/ Th? Age 11 s:lol t s  from tlw 3954 escapcncllt w i l l .  n o t  -leave - 
fres!r:atcr ~ n t i l  1957.  



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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